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Mwhctd two conceivable machanistic pathways in the convcnion of l&diaryloxy-2butyncs 
lo btmofurobcnzDpynu& ow is eliminated and the other validated. whcfaa 2-alcthyl-Ephtnoxy- 
mcthylbauofuran is rhstant to Cl&o rcarranganent. 4-phenoxymcthyl-AL 
sti a vt with concofnitant ring closure lo the bu1~0fufobenr0pyraa (vm). 

undergo= 
The r&ted 

system ViL 4-pbenoxyuWhykou showed no propensity for similar raurpnganent. 

IN AN earlier investigation ,l the thermal rearrangement of 1,4di+&lorophenoxy> 
but-2-yne (I) to the benzofurobenzopyran (11) was reported. The presence of the 
coumaran skeleton in the final product led US to propose the following mechanistic 
pathway for the rearrangement: 

The well-established equilibrium between the anion of orrho allenylphenol’ and 
that of 2-methylbenzofuran underscored the reasonableness of such a mechanism. 
Additionally, instances are known where an allylic unsaturation forming part of a 
ring system participates in a Claisen rearrangement.” 

The easy accessibility of 2-methyl-3-chloromethylbenzofuran4 (III) provided an 
opportunity to test the validity of the suggested mechanism. A bimolecular displace- 
ment of the allylic chloride in III with phenol in the presence of potassium carbonate 

’ B. S. Thyagarajan, K. K. Balasubramanian and R. B4ha Rao. Tmohcdron Lerten No. 21.1393 
(1%3). 

a R. Gacrtncr, 1. Am. Calm Sot. 73.4400 (1951). 
h W. J. LeNobk, P. J. Crcan and B. Gabrklaon, L Am. Chem. SM. 86,1649 (19M); ’ J. F. Amn, 

H. Olman and A. Graveland, Rec. 7hv. Chfm. 83,301 (1964). 
’ R. Gacrtncr, 1. Am. Chem. .!hc. 74.5319 (1952). 
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afforded in good yield the required intermediate, 2-methyl-3_phenoxymethyLbenzo- 
furan (IV). The structure of this product was amply borne out by its NMR spectrum. 
An alternative synthesis provided additional confirmation. Claisen rearrangement of 
l+di-phenoxy-rruns-2-butene (V), atforded the phenol VI.+ Through the sequence 
of reactions’ illustrated below, it was converted into 2-methyl-3-phenoxymethylbenzo- 
furan, identical in every respect with IV obtained earlier. 

PhO- 

111 

1,4-d&phenoxy-but-2-yne (VII) was rearranged in the same manner as its pchloro 
analoguer and gave in 60% yield the corresponding benzofurobenxopyran (VIII). 
Thus with the final product VIII and the proposed intermediate IV on hand, an 
attempt was made to rearrange IV under the same conditions when VII yielded VIII. 
However in the event, the starting material was recovered unchanged. The likelihood 
of IV being the intermediate in the formation of VIII was thus rendered unlikely. 

Iwai ef 4/.( had reported the formation of AQhromene from the thermal rearrange- 
ment of phenyl propargyl ether. Analogously, one might expect the formation of 
4-phenoxymethyl-A*-chromene (IX) from the rearrangement of VII. Consequently, 
it was of interest to synthesize such an intermediate and study its behaviour under the 
conditions of rearrangement of VII. 

The synthesis of IX was achieved by two separate routes. One of these involved 
the rearrangement of I-phenoxy-4-acetoxybut-2-yne under the Iwai conditions,’ 
atfording 4-acetoxymethyl-Aa-chromene (X). This was converted by alkaline hydroly- 
sis and subsequent treatment with thionyl chloride into Qchloromethyl-AQhromene 
(XI). Treatment of XI with phenol afforded IX. The structure of XI was also 

l An atcnsin investigation of rcamulgcmentr of related l,4-di-aryloxy-fm7u-2-bu~ haa bee0 
carrkd out aod will form subject matter of a subwqucot publication. 
’ R. Adams and R E. Rindfusz, 1. Am. Chm. Sot. 41,648 (1919). 
* I. Iwai and J. Me. Ckm. Phmn. Bullerh. Toky 11, 1042 (1963). 
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confirmed by its reduction to 4-methyl-A*-chromcne which was identical with a speci- 
men obtained by alternative methods.’ 

fq h’rMg!_ QH 

CH,OAc 

A second approach to the synthesis of IX was adopted employing hydration of the 
triple bond in VII. Mercuric sulfate catalysed hydration of phenyl propargyl ether 
gave phenoxyacetone. Consequently, it was anticipated that similar hydration of VII 
would afford the ketone XII which may subsquently be cyclized to IX. 

However, in the event, the product of hydration was not the ketone but the desired 
chromene itself. The 4-phcnoxymethyl-Aa-chromene obtained thus was identical with 
that obtained by the earlier procedure (oi& vru). This unusual mercuric-sulfate- 
acid-catalysed ring closure deserves special mention because treatment of the butyne 

’ J. Colonge and A. Guyot, &II. Sx. Chim. Fr. 325 (1958). 
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with acids in the absence of added sulfate affords no chromene. This is suggestive 
of the greater ease of cyclization of the ketonic intermediate than the butynyl ether. 

With the availability of IX, its rearrangement was studied under the same condi- 
tions as were used for rearranging VII. Heating with diethylaniline for the same 
length of time readily afforded the ~~ofuro~~op~an VIII, thus establishing 4- 
phenoxymethyl-A*-chromenc as the rational intermediate in the rearrangement of VII. 

. 

The successful rearrangement of phenoxymcthylchromene also shows that double 
bonds forming part of ring systems can participate in such rearrangements. It was 
of interest therefore to verify whether the related system viz. 4-phenoxymethyl-As- 
coumarin (XIII) would undergo an analogous re~r~gement. Synthesis of XIII was 
achieved by reacting 4-bromomethylcoumarir@ with phenol under the usual conditions. 
However, XIII failed to undergo any rearrangement. The present study thus reveals, 
of the three systems viz. aryloxymethylcoumarone, aryloxymethylcoumarin and 
~loxyme~ylc~omene, only the last mentioned derivative undergoes a Claisen 
rearrangement. 

EXPERIMENTAL 

M.p.s wuc dc@rmkd with an ordinary tbcnnomctcr and were not corruztcd. l&ii-pbunoxy- 
but-2ync was prepa& aazording to the publisltal pr”dum.’ KR (CHCI,): 3.1, 3*45,4+75, 6.25. 
6.7, 7.3s. 8.2. 8.6,9*2S, 9.7.9.8, lOa. 10-8, 1 I.4 and 12.2 p. UV (EtoH): 270 w (log t 3.40). 

Compound MI (10 g) was rcIluxuI in N,Ndkthylanilinc (SO ml) for 10-12 hr. the soln was 
cooled and poured into 1: 1 HCI. The mixture was cxtmctcd with ether, tbc extract washed with 
HCI till no more b&c material was extracted, then washed with dil NaOHaq and tinally with water. 
?bo neutral ether soln was dried (MgSG,) and evaporated, the residue was trituratcd with EtOH 
(10 ml) and filtcnxi. Raaystallizd from EtOH, it m&cd at 124* (6 g; 60eA. Found: C, 8050; 
H, 5.95. C,,H,,O, requires: C, 80.65; H, 5.92%) IR (CHCI,): 3.05, 3.3, 5.8, 6.2, 62% 6.4, 6.8, 
7.35,8.3S, 9.0,9*20,9.4,9.7, 109, 11.0 and 11.6 cc. UV (EtOH): 278 m)c (log a 3.63) and 203 (4.17). 
NMR (60 MC CDCI& a s at 1.74 ppm, a qu at 3.45 ppm, two qus at 3.8 and 4.3 ppm, and a m at 
6.5 ppm to 73 ppm. 

tMethyI-3-chloromcthytifuran (m) was prepa& by the method of Gacrtncr.‘ 

’ B. B. Dcy and Radha Bai, J. Indian Ckm. Sot. 11,635 (1934). 
’ A. W. Johnson. I, Ckm. Sot. 1009 (1946). 
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2-hfethyl-3-pheno~thybeuofuran (N) 

Phenol (8.9 g) and anhyd K&O, (7 g) were rethxed in dry setone (50 ml) containing a few 
aystalsofKI,forU)min. Torhc~kdaatoneJolnwua~asotnofm(9.2g)hdryaatonc 
(2S ml) during a period of 15 min. After a fbrther addition of dry m (7 g) the mixture was 
x.&cud with stirring for 10 hr and kft at room temp overnight. It was timposed with water, 
extracted with ether, was&d with 10% NaOHaq and fInally with water. The neutral cfhcr sdn 
was drkd (MgSC,) and evaporated to give a pak yellow mobile liquid, b.p. 144146”/0+3 mm, yield, 
11 g (90%). (Found: C. 80.67: H, 5.8% f&H,,O, requires: C, 80.65; H. S-92’/,) IR (CHClJ: 
6.12,6*25,6*27S, 6*83,690, 7.17, 7.57.7.82, 8.72, 8.S. 8-5s and 8.70 /A. UV (EtOH): 248 q (log l 

4-05) and 273 m/l (log l 3.63). NMR (60 MC, CDCl,): s at 2.3 ppm, s at 4.95 ppm, and m at 6.85 
to 7.6 ppm. 

Repararfon of 1,4-&*x~tran+2_burnv (V) 

This was pmparcd according to the procedure describedi* for the corresponding halophcnoxy- 
butanes, m.p. 90”; repoituP m.p. 90”. IR (CHCI,): 3.3, 3.45, 3.50. 6.27s. 6.70.690, 7.3, 7.7. 8.3, 
8-6. 9.3, 9.7, lOa, 10.25 and 1 l-4 cc. UV (EtOH): 220 rnp (log l 4.299). 271 w (log c 3.54) and 
278 rnp (3.47). NMR (60 MC. CDCi,): s at 45 ppm, a signal at 69 ppm, and m at 6.7 to 7.4 ppm. 

Rearraqemenl of V lo Vl 

ThectherV(10g)wasrefIuxulindkthyknilina(SOml)forl0hr. Itwasthcntakcnupinctlkr, 
washed with 1: 1 HCl and with water. Evaporation of the etbor gave a dark viscous Liquid which was 
distilkd to yield the pcodtzt, b.p. lSO”/O-Smm. yield 7.6g (76%). (Found: C. 79.79; H. 7-l. 
C,,H,,O, requires: C. 80.0; H. 6.640/,) LR (CHCIJ: 2~95,3~3.3~5.6~15,6~25,6~75,6+0,7~25.760, 
7.7, 8.3. 8-6, 8.7, 9.25. 9.7, 10.2, 1@8, 12.4. 13.2 and 14.4 p. UV (EtOH): 220 (log l 4-20). 272 
(log e 3.S9) and 280 w (log l 3.56). NMR (60 MC, CDCl,): signals at 4.25.2.6 to 7, and 9.S ppm. 

Acerure o/VI. VI (5 g) was dissolved in AC,0 (25 ml) to which pyridinc (15 ml) was ad& and 
rcfluxcd for 6 hr. The mixture was poumd into crushed ice, extracted with ctbcr, the ctbcr layer 
washed with sat NaHCO,aq and finally with water. The dried cx~tact was evaporated and the residue 
distilkd to give the acetate b.p. 148’/@S mm, yield, 4-25 g (8s y>. (Found: C, 76.23; H, 6.47. 
C,,Hi,O, rcquiru: C. 76.57; H. 6.430/,) IR (CHCi,): 3.3, 3.45, 5.72, 6.15, 6.3. 6.8, 6.9, 7.4, 7.8. 
8.1, 8.5. 8.6, 9.0. 9.4, 9.7. 9.8, 10.4, 11.0, 12.2, 13.3 and 14.3 p. UV (EtOH): 204 (log l 4.25) 272 
(log ( 3.27) and 279 rnp (log l 3.17). NMR (60 MC. CDCI,): a tall s at 2.15 ppm, a m at 4.1s ppm, 
a t at 5.1 ppm. a t at 64 ppm, and a m at 6.7 to 7-S pp”. 

Bromhurfon o/he oborw uce~a~c. Tbc pcttatc (20 g) was dissolved in dry Ccl, (SO ml) and the 
soinwascookdinkc. To~iswasaddadaJolnofBr(lZg)indryCCI,(U)ml)~dthemixtura 
stirred for 3 hr. The soln was then washed with sat NaHSO,aq. then with water and dried (MgSOJ. 
The solvent was removed under suction and the highly viscous red liquid was too unstabk to be 
distilkd even under a high vacuum, yield, 28 g. The crude dibromide was used as such for Ihe next 
step of @ration. 

Cyclizarion of rhc aQbromia% ro 2-nwrhyl-3-phemqmrrhybenwf~an (IV) 

To a soln of KOH (34 g) in EtOH (12S ml) was added a soln of the dibmmidc (28 g) in EtOH 
(25 ml) slowly with stirring. ‘Ihe mixture was rcfluxcd for 4 hr and kft ovcmight. It was than 
extracted with ether washed with water and dried (MgSO,). Evaporation of the ether extract and 
distillation of the residue gave V, a pak yellow liquid, b.p. 1400/0.4 mm, yield, 7 g (50%). The IR 
spectrum was compktcly ititical with that of V pmparcd from 2-mtbyl-3-cbloromethylbcnzofuran. 

Anempred C&ken reawatgennw of IV 

(i) A soln of IV (2 g) in dkthylanilinc (10 ml) WBS reflmud for 10 hr under N. Tbc cookd sob 
was extracted with ether, the ether extract was washed thoroughly with 1:l HCl. &.n with 10% 
NaOHaq and finally with water. The extract was drkd (MgSO,) and evaporated to yield a pak rwd 
liquid (1.7 g) which was further puritkd by chromatography over alumina in pet. ether (w). 
This showed an IR spectrum identical with that of the starting material. b, 

Ic C. L. Moyk. U.S. Patent No. 2488,499 (1949). Ckm. A&r. 43,4419f(l949). ( B. W. Horrow 
and H. E. Zaugg. 1. Am. Gem. Sot. 79, 1754 (1957). 
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(ii) The rearrangement was carried out by refluxing for 40 hr. No narranganQlt product was 
obtained. 

(iii) Tba compound was heated without any solvent at 25&2&I” under N for 7hr. With the 
usual work up, no rearrangement product could be dmcted. 

+uhes& of 4-phenoxycrhyl-AWuowww (IX) 

(a) l-Phetwx)c2-buf~~7c4ol. Phenol (14 g) and KOH (9.4 g) were dissolved in EtOH (100 ml) 
and to this soln was added 4-chloro-Zbutyn-l-al (15 g).” The mixture was tiuxcd for 6 hr with 
stirring. The co&d alcoholic soln was taken in ether, washed with water, and dried (&SO,). 
Removal of ether gave a liquid. b.p. 130”/@7 mm. R~portcd*~’ b.p. 161”/10 mm, yield, 18 g (72%). 

(b) l-Phc1c~x~4-uc~roxy-2-bulyu. A mixture of the alcohol (24 g), fused AcONa (4.3 g) and 
Ac.0 (3@6 g) were nfluxed for 6 hr and left overnight. The soln was poured into ice-water, extracted 
with ether, the extmct washed with sat NaHCO,aq and finally with water. The dried ether extract 
oo evaporation afforded the acetate which was distilkd under a vacuum, b.p. 158-162”/5 mm, 
report&‘* b.p. 135”/3 mm, yield (18 9). I’R (CHCI,): 3.2, 3.35, 5.65. 6.1.6.6, 6.7, 7.1. 7.55, 8.0. 8.4, 
8.6, 9.1, 9.5, 9.9, 10.2, 10.8, 11.15, 11.7. 12.0. 12.5. 12.7, 13.0 and 13.8~. NMR (60 MC, CJXI,): 
a I at 2.1 ppm. a s at 4.7 ppm, and a m at 6.2 to 7.4 ppm. 

(c) Rearro~cmen~ of rhc uborrc ocetofe IO 4-acetoxynwthyLSchromme (X). The above a&ate 
(18 g) was rcfluxed in dicthylanilinc (90 ml) for 18 hr. nK solvent was ranovbd under a vacuum. 
The residue was taken up in ether, tho ether extract washed with 1: 1 HCi and dried (MgSO,). The 
pak red liquid was distilled at 150-154’/5 mm, yield (9 g, 50%). The compound readily daolorixcd 
Br in CCi, forming an umtabb bromo derivative, m.p. 98-104’ with dcc. (Found: C, 70.51; H. 
598. CI,H,,O, requires: C, 70.58; H, 5*92x.) IR (CHCIJ: 3.3, 3.45, 5.825. 6.25, 6.35. 6.75, 
&95,7*25,7.70.8.2 and 8.8 p. NMR (60 MC, CDCIJ: a s at 2 ppm, a q at 475 ppm, a d at 4.85 ppm. 
and a m at 7.0 ppm. 

(d) 4-Hydroxywfhyl-AGhromene. A mixture of X (15 g), water (75 ml), KOH (15 g) and EtOH 
(25 ml) were r&ixcd for 4 hr. The mixture was cookd and extracted witb ether. T~Q ether extract 
was washed with water and dried (Mg.80,). Removal of ether furnished the desired Chydroxymcthyl- 
Akhromenc, b.p. lu)o/O.S mm. yield, 8.5 g (75 %.). The distiikd liquid was used as such for the 
subsequent experiment. IR (CHCI,): 2.8, 3.0, 3.5. 6.1, 6-25, 6-28, 6-75. 6-9. 7.3, 7-7. 7-9 and 8.2 p. 

(e) 4-Chloromerhyl-AWtromm (XT). To an ice-cold soln of the above hydroxy compound (20 g) 
in a mixture of dry ether (100 ml) and dry py~idinc (10 ml) was slowly added distilkd SOCI, (15 g). 
The mixture was stirred for 4 hr and decomposed with ice. The aqueous mixture was extracted with 
ether. the extract was washed with sat NaHCO,aq and then with water. Evaporation of the ether 
extract after drying (MgSO,) fumishcd a dark mobile liquid which was distiikd in a vacuum, b.p. 
loo”/O.S mm, yield (9 g; 38%). The colourkss liquid slowly turned brown. (Found: C. 66.9; 
H, 5.36. C,,H,OCI rcquircs: C, 66.47; H. 499%) 

(f) 4-Phmoxynwhy~-AWwonwae (IX). To a soln of phenol (6 g) and KOH (3 g) in EtOH (15 ml) 
was added compound XI (6 g) and the mixture was rcfluxed for 6 hr. It was extracted with ether, 
waskd with dil. alkali, then with water and dried (MgSO,). Evaporation of the ether and distillation 
of the residue in WQU) gave IX. b.p. 154”/@5 mm, yield (2.5 g, 24%). (Found: C. m43; H. 6.01. 
C,,H,,O, rcquircs: C, 8065; H. 5.92%) IR (CHCl~): 3.2, 3.5.4.3, 6.1, 6.25. 6.7, 6.9. 7.3, 7-7, 8.2, 
8.5, 8.9, 9.25. 9.7, 9.9. 11.3, 11-7, 12.3, 13.2 and 14.5~. UV(EtOH): 216. 268 and 308 m& NMR 
(60 MC, CDC13: a singlet at 5.0 ppm, a tripbt at 6.0 ppm and a multipkt at 6.8 to 7.5 ppm. 

kaiution of 4-chIoromethyi-A’-chron to Cnuthyl-AQhromme 

A mixture of Xl (3 3, Zn dust (6 g) and 90% AcOH (30 ml) was heated on a water-bath for 4 hr 
and left overnight. It was then taken in ether, washul with sat NaHCO,aq, then with water and dried. 
Evaporation of the ether furnished a pale mobile liquid, b.p. 92$/S mm, yield, 2.5 g. The VPC of this 
liquid was icbmtical with that of autluntic 4-methyl-Akhromau, prcpamd by the method of Colonge 
Cl 01.’ 

Hydrotkm of phcnylpropargyl ether 

A mixture of phcnyl propa@ aha (7 g) and mercuric sulfate (1 g, in A&H (30 ml) was heated 
on a water-bath for 3 hr. The acidic soln was filtered. the pptd Hg was washed well with ether and 

*b W. J. Bailey and E. Fujiwara. 1. Am. Chem. Sot. 77, 165 (1955): ’ J. Colonge and G. Poilam, 
Bull. SX. C&m. f?. 8 I3 (I 959). 
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the combinai filtrate taken up in ether. The ether extract was washed with dil NaOHaq. then with 
water, drial (&SO,) and distilled. The pale rai vixous liquid w distilled at lOOO/S mm, yield 
(4 g; 50’%). It readily formed a 2.+DNP derivative, mp. 13&132” and did not depress the m.p. of 
an authentic spccirncn.l~ The IR spaara and the VPC of tho two ketones were identical. 

Amnrpted hydration of ! .4-d&phc~wxy-bu~-2-yne 

1,4-Di-phcnoxy-but-2-ync (96 g) was dissolved in AcOH (50 ml) to which mcrcurk sulfate (3 g) 
was added and the mixturo ~85 heated on a water-bath for 5 hr. II WBS then extracted with ether, 
washed with sat. NaHCO,aq. then with water and dried (Mg!SO,). Ranoval of ether furnished a 
viscous pale red liquid which was distillad at 14&148”/@5 mm. yiold (3 g, 3000/,). The IR spectrum 
of this liquid WB) compktdy identical with that of IX, obtained earlier (tide supru). The NMR spstra 
of the two specimens were also identical. 

Rearrungment of IX ro VIII 

A soln of IX (1 g) in dicthylaniline (5 ml) was rctluxed for 8 to 10 hr in a N atm. The basic soln 
was cooled, extracted with ether. the ether extract washed with 1:l HCI and then with water. The 
dried (MgSO,) extract was evaporated and the crud0 solid was triturated with a little McOH and 
filtered. It was aystalkd from EtOH, m.p. 124”. Mixed m.p. with spukncn obtained by rtarranke_ 
mtnt of l&ii-phenoxy-but-2-ync under identical conditions showed no dcprusion, yield (O-6 g). 

4-MCthyl~umaria was preparai according to the procedure described in Organic Syntheses. 
till Volume, III; 581 (1955). 4-Bromorncthykoumarin WIU prupuai by the procedure describedi* 
for 7-acetoxy4bromomcthylcoumark 4-Brornorncthykoumarin m&al at 175”. reported’ m.p. 176”. 

4-Phenoxymrhylconmar~ (XIII) 

A mixture of anhyd K& (3.4 g) and phenol (6 g) were stirred for 30 min in dry acetone (100 ml). 
To this was added 4-bromomcthykoumarin (3.4 g) and stirring continual for 20 hr. The mixturo 
was filtered. the filtrate concentrated to about 25 ml and dilutal with water (100 ml). The pptd solid 
wsu Altacd off and washed with aquaou, EtOH to remove any phenol adbaing to the solids, yield 
(3.4 g. 98 “/@. The analytical sampb raaystallizcd from EtOH. mp. 127”. (Found: C, 76.03; H, 4.91. 
CIIH,,OI requires: C. 7619; H, 4+76’/,) IR (CHCI.): 5.9, 6.15, 6.25, 6.35, 67. 6-9, 7.5, 8.3, 8-5, 
8.8, 9.2, 9.7, 9.9. 1@6, 11.4, 11.8 and 129~. UV (EtOH): 208 (log l 4.39). 268 (log a 405) and 
308 v (log # 3.77). 

Attempted rearraqemenf of XIII 

(i)AsolnofXm(lg)indi#hy~(5ml)wesnalnedfor14hr~tbebrownsoln~ 
then acid&d with 1: 1 HCI. The pptd solid wu titered, washed with dil acid and with water. Ra 
crystallkd from EtOH, the solid &owed lap. and mixal m.p. with q mucrial 125-126”. 

(ii) CompoundXIIl(~5g)wpshatedin~Wood,me~batbatUK)-300”for5hrinaNatm. 
No tangible product could bo isolated from the -ion. 
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